[1] The data on the galactic cosmic ray intensity near the Earth and in the distant heliosphere allow determination of the radial profiles of the intensity corresponding to the minima and maxima of the solar cycles 22 and 23. These profiles and the new definitions of the residual and 11-year intensity modulations to make them independent of the phase of the 22-year variation are briefly discussed. Special attention is paid to the conditions when it could be useful using these new definitions. INDEX TERMS: 2104 Interplanetary Physics:
Introduction
In the last decade the role attributed to the cosmic rays in the terrestrial atmospheric activity has increased and accordingly this has increased the interest of the space weather community to the cosmic ray variations in the heliosphere. Among the cosmic ray variations of different timescales the special interest is attracted to the long-term ones (with timescale τ ≥ 11 years) both because of their large amplitude and as they may influence the most interesting longterm (climatic) atmospheric changes. These variations include the following ones: the so-called residual modulation of the interstellar galactic cosmic ray (GCR) intensity to that characterizing the minimum influence by the solar activity during the solar cycle (SC) minima, JIS → Jm; the 11-year modulation of the above residual distribution of GCRs by the most active Sun during the SC maximum, Jm → JM ; and, last, the 22-year variation of the GCR intensity between successive solar minima, due to changing polarity distribution of the large-scale interplanetary magnetic field (IMF). This polarity is usually described by the quantity A = +1 or A = −1, which sign coincides with that of the radial component of the high-latitude magnetic field in the northern photosphere. So the 22-year variation in the GCR intensity can be denoted as Jm,+ ↔ Jm,−, where the second subscript is the sign of A.
[3] In the last two solar cycles (SC 22-23) unique arrangement of the Voyager and Pioneer spacecraft in the heliosphere allows one to study not only the GCR intensity variations near the Earth but also their large-scale distribution in the heliosphere. Recently, Webber and Lockwood [2001a, 2001b] and Webber and Krainev [2003] studied the radial dependence for the main long-term GCR intensity variations described above. Here we briefly consider the results of these papers and then discuss in more details the new definitions of the main long-term GCR intensity variations, suggested by Webber and Krainev [2003] , in particular, the conditions, when it could be useful using them.
Radial Profiles of the GCR Intensity and Its Usual Main Variations
[4] During the last two solar cycles the GCR intensity for protons and other nuclei has been continuously measured aboard a net of spacecraft (IMP 8, Pioneer 10, 11, Voyager 1, 2). For each spacecraft both the 11-year (or solar cycle) variation which is opposite in phase to that in the sunspot number and the 22-year variation manifesting itself as alternate higher and lower intensities during successive solar minima are present. Besides, there is a significant dif- ference in the intensity-time profiles for the different spacecraft. The most important cause of this difference is the GCR intensity dependence on the heliocentric distance. Using the time history of the distance, it is possible to construct the radial profile of the GCR intensity for different phases of the solar cycle. This task is the easiest for the extreme SC phases (minima and maxima) as these phases are marked by the extremes (maxima and minima, correspondingly) in the GCR intensity time profiles.
[5] The radial profiles of the GCR intensity in the SC extreme phases are shown in Figure 1 for the protons with the kinetic energy T = 130 − 240 MeV ( Figure 1a ) and for the helium nuclei with T = 180 − 450 MeV n −1 (Figure 1b ). The lines for maxima of SC 22 and 23 are marked as M22 and M23, respectively, while those for minima of the same SCs are marked as m22 (A < 0) and m23 (A > 0). The "diamonds" near the right ordinate axes and the vertical dashed lines show the expected quantities, the interstellar intensities and position of the solar wind termination shock, according to Webber and Lockwood [2001a, 2001b] .
[6] Before discussing the conclusions on the long-term GCR intensity variations made by Webber and Lockwood [2001a, 2001b] and Webber and Krainev [2003] from the radial profiles of the GCR intensity corresponding to the minima and maxima of the SC 22-23, let us note another advantage of using these radial profiles. If one considers the GCR intensity J(t) changing at the fixed heliocentric distance (e.g., near the Earth, r = 1 AU), a knowledge of the extreme intensities (Jm,+, Jm,−, and JM ) allows one to predict with better assurance the GCR behavior or to estimate the degree of, e.g., the normalized modulation, M = (Jm − J(t))/(Jm − JM ) × 100%, where Jm stands for Jm,− or Jm,+ depending on the phases of the solar and magnetic cycles. Quite similarly the knowledge of the radial profiles of the extreme intensities, Jm,+(r), Jm,−(r), and JM (r), allows one having J(r, t) at the changing r(t) to normalize the GCR modulation using a generalized expressioñ M = (Jm(r(t)) − J(r(t), t))/(Jm(r(t)) − JM (r(t))) × 100% [7] Now let us return to the conclusions of Webber and Lockwood [2001a, 2001b] and Webber and Krainev [2003] . As one can see from Figure 1 , the GCR intensity for all SC phases and all locations inside the solar wind termination shock is significantly lower than that in the interstellar medium, necessitating the strong modulation of the GCR intensity in the part of the heliosphere beyond the solar wind termination shock. The radial profiles of the GCR intensity for the maxima of SC 22 and 23 are different, which corresponds to the different maximum levels of the sunspot activity in these 11-year cycles. Also special attention must be given to different slopes of the radial profiles in the GCR intensity, corresponding to the successive solar minima (and, consequently, opposite sign of A). This last fact makes the usually defined main long-term GCR modulations (the residual and the 11-year ones) dependent on the phase of the 22-year, or magnetic, variation.
On the New Definitions of the Residual and 11-year GCR Intensity Variations
[8] Webber and Krainev [2003] considered it strange that both the residual GCR modulation (which from our, probably naive, point of view should characterize the decrease of the intensity from its level in the local interstellar medium to that corresponding to the most quiet Sun) and the 11-year GCR modulation (which should characterize the decrease in the intensity due to the growth in the level of the disturbance of the heliospheric magnetic field from the minimum to the maximum of the solar activity) depend on the phase of the solar magnetic cycle and the 22-year variation. Of course, we understand that it is due to the fact that the changes in the sunspot activity are coexisting with the magnetic solar cycle, which influences the cosmic rays especially during low solar activity.
[9] Nevertheless, we tried to estimate the characteristics of the GCR variations in their "naive" sense. It can be done if one considers the GCR intensity (Jm, 0) in the solar minimum but with the "switched-off" effects in the GCR modulation depending on the phase of the magnetic cycle. Then we redefined residual and 11-year modulations of the GCR intensity as JIS → Jm,0 and Jm,0 → JM , respectively, making them independent on the phase of the 22-year variation of the intensity, Jm,+ ↔ Jm,−. Of course, it is impossible to switch off the magnetic cycle and the related effects in the real heliosphere; however, we can get some notions about Jm,0 solving the usual boundary problem for J(r, t) without the magnetic drifts and so on. It follows from Krainev [1980] that as the most crude approximation one can use Jm,0 ≈ (Jm,+ + Jm,−)/2. Using this approximation, Webber and Krainev [2003] found the rather unusual fact that the amplitude of the 22-year variation in the GCR intensity grows with the heliocentric distance, while those of the residual and 11-year variations, as one would expect, decrease to the outer heliosphere.
[10] However, we feel that the introduction of new notions should be better justified. If we suggest to consider the GCR intensity Jm,0 corresponding to the "switched-off" magnetic drifts in the periods when this drift is actually the strongest factor, we should demonstrate that this virtual intensity and the new definitions of the GCR modulations connected with it can help us to better understand the real variations of the GCR intensity or, at least, we should formulate the conditions when it makes sense.
[11] Let, as discussed by Krainev [2004] , the GCR intensity may be governed by the heliospheric factors changing with 11-year and 22-year periods, J11, 22. The first group could be characterized by the strength BIMF of the interplanetary magnetic fields. To characterize the phase of the 22-year activity it is better to use, instead of A, the steadily changing magnetic angle am between the angular velocity of the Sun and the dipole magnetic moment of the large-scale photospheric magnetic field (its cosine µm coincides with A during the SC minima).
[12] As an illustration in Figure 2 the time history is shown for the SC 21-22 (1976-1997) of all three quantities: the GCR intensity (the monthly count rate NMu of the omnidirectional Geiger counter in the maximum of the transition curve in the stratosphere at Murmansk, Figure 2a) , the strength BIMF (available at http://nssdc.gsfc.nasa.gov/ omniweb/ow.html) (see Figure 2b) , and the magnetic angle am (Figure 2d ). The bands shaded by slashes in Figures 2a-2d show the maximum SC phases according to Obridko and Shelting [2004] . Both the 27-day average data (the thin lines) and those seven-point smoothed (the thick lines) are shown. We define αm using the pseudotilt of the heliospheric current sheet (αt, available at http://quake.stanford.edu/˜wso/) (see where −1 < A < 1 during the periods of the reversal of the heliospheric magnetic field. The process of this reversal is rather poorly studied and to show the behavior of αm in Figure 2d , we suggested that A changed linearly with time during these periods. As the periods of the reversal we took those when the heliospheric current sheet tilt αt > 65
• . Actually, during these periods the current sheet form is the most complicated and often there are even multiple current sheets. The vertical bands shaded by the back slashes show these periods in Figures 2c and 2d .
[13] Also for illustration the dependence NMu(BIMF, αm) for SC 22 (1986-1996) is shown by the thick solid three-dimensional line in Figure 3 with the GCR intensities Jm,+, Jm,−, Jm,0, JM , and JIS marked by the squares with the labels near the NMu(BIMF, αm) line. The thin solid
